Recently, NMR-based metabolomic analysis has been used to acquire information based on differentiation among biological samples. In the present study, we examined whether multivariate analysis was able to be applied to natural products and/or material field. Each extraction of 24 leaf samples, divided into six locations from the tip of the stem in each of four strains, was analyzed by pattern recognition methods, known as Principal Component Analysis (PCA) and Soft Independent Modeling of Class Analogy (SIMCA). Twenty-four extracts from mulberry leaf showed independent spectra by 1 H NMR. The separation of leaf extraction data due to the difference at six locations was achieved in the PCA score plot as correlation PC1 (86.1%) and PC3 (4.6%) and showed two loading plots, suggesting classification by leaf position as an independent variable in the loading plot. Moreover, the difference among six locations clarified the seven highest discrimination powers by the SIMCA method. Meanwhile, the PCA score plot obtained classification by the variety of mulberry strains with three loading plots, but the SIMCA method did not give a peak by classification.
There are many species of mulberry (genus Morus). The red mulberry, Morus rubra, is native to North America, where it is abundant in moist woodland areas, whereas the white mulberry, M. alba, is native to Asia [1] . In Japan, mulberry leaves have been consumed as tea for more than 750 years; mulberry tea was used for the prevention of diabetes and arteriosclerosis, as described by Eizai-Zenshi in Kissa-Yousei-ki during the Kamakura Period. Mulberry leaves have been known to possess several functional ingredients, including 1-deoxynojirimycin (DNJ), a potent -glucosidase inhibitor [2, 3] , and quercetrin [4] , among others.
The advantages of nuclear magnetic resonance (NMR) spectroscopy for metabolomics applications include the relative ease of sample preparation, non-destructive analysis, the potential to identify a broad range of compounds, an enhanced capacity for definitive compound identification, and the provision of structural information for unknown compounds [5, 6] . Several plant studies have used NMR-based metabolite fingerprinting to predict the contents without identifying functional ingredients. However, the profiling of specific compounds using the NMR spectra of relatively crude plant extracts is hampered by several problems, including spectral complexity, overlapping resonance peaks, and the lack of a comprehensive spectral library of standard compounds. Therefore, a spectral library must be established for speculation of the contents of target compounds. Although the establishment of a spectral library takes considerable time for collecting datasets of compounds contained in the plant, using advanced multivariate analysis techniques capable of differentiating the contents of an unconfirmed compound by NMR metabolomics technology is statistically significant. Figure 1A : PCA score plot of PC1-PC3, in which 217 variables were equally accounted for in the data sets. Position of the leaves: (a) blue circle, 1-5th from the tip; (b) red triangle, 6-10th from the tip; (c) green square, 11-15th from the tip; (d) orange diamond, 16-20th from the tip; (e) purple inverted triangle, 21-25th from the tip; (f) pink star, 26-30th from the tip. The red, blue, green and cyan bars correspond to the contribution of PC1, PC2, PC3 and the residuals, respectively. Yellow highlights show variables that highly contribute to the classification and suggest an independent in loading plot: 1.66 and 2.06 ppm. ALICE2 for Metabolome version 5.0 software (JEOL) is capable of integrating NMR spectroscopy and multivariate pattern-recognition methods, such as Principal Component Analysis (PCA) and Soft Independent Modeling of Class Analogy (SIMCA) into a single interface, and has a proven track record in the categorization of several kinds of tea [7] .
The objective of the present paper was to examine whether multivariate analysis can be applied to 1 H spectral patterns from six locations of the leaf in four mulberry varieties of Morus bombycis Mizukuguri, Shigohachi and Chosensensensou, and M. lhou Akakasuga from preserved strains at the Kyoto Institute of Technology in Japan.
As one example of metabolomic analysis using NMR spectroscopy, twenty-four spectra were submitted to PCA, in which all of the 217 variables, bucketed regions, were equally accounted for in data sets. The results of the PCA score plot of PC1 and PC3 in the classification of six locations and four strains are shown in Figures 1A and 2A , respectively. One point in the score plot shows one spectrum of extraction of the mulberry leaves. The contribution ratio of PC1, PC2, PC3 and the residuals were 86.1%, 6.4%, 4.6% and 3.0%, respectively. PC1 and PC3 were then selected to explain the contribution of either the position or strain categories. The score sum of PC1 and PC3 was 90.7%, which explains the characteristics of the samples sufficiently in each PCA score plot. Therefore, Figures 1A and 2A showed classification based on the difference among six positions of each mulberry leaf and the difference among four strains of mulberry that were colored differently beforehand.
In Figure 1A , the grouping in the PCA score plot for position classification showed that the six larger variance regions contributed to two buckets at 1.64-1.68 and 2.04-2.08 ppm. These NMR peak intensities of two buckets concurrently ascended from tip to knag of the branch. The simultaneous unidirectional change of NMR peak intensity also appeared as tree buckets at 3.72-3.76, 4.04-4.08 and 4.08-4.12 ppm in classification of leaf position by the SIMCA method (Fig. 1B) . Meanwhile, there were two buckets (3.84-3.88 and 4.44-4.48 ppm) in Fig. 1B with concurrently descending peak intensities from tip to knag in classification of leaf position by the SIMCA method. Although the proton chemical shifts of ca. 4.4 ppm were speculated to be spectra proceeding from anomeric proton signals of free glucose or attachment to binding compound, the natural compound characterized by these chemical shifts has not yet been identified.
In Figure 2A , the grouping in the PCA score plot for strains showed that the three larger variance regions contributed to three buckets at 0.84-0.88, 3.62-3.66 and 3.74-3.78 ppm. Score plot of strains by PCA displayed significant discrepancy between Mizukuguri (1) and Shigohachi (2) . Therefore, the isolation and identification of natural compounds related to these chemical shifts (ca. 0.8, 3.6 and 3.7 ppm) has potential to lead to taxonomically and pharmacologically useful approaches in mulberry. Additionally, we tried to classify mulberry strain in more depth using the SIMCA method (Fig. 2B) ; however, new signals (bucket) based on differentiation among strains were not obtained.
In conclusion, our findings demonstrate that NMR multivariate analysis can be applied to the classification of mulberry leaves extraction by leaf position and strain.
In the future, the relationship between NMR metabolomic analysis and bioactivity should be explored.
Experimental
Sample collection: Four preserved strains (1: Mizukuguri, 2: Shigohachi, 3: Chosensensensou, 4: Akakasuga) were collected from the Center for Bioresource Field Science, Kyoto Institute of Technology, Kyoto, Japan. These strains were divided into 6 positions each 5 leaves from the tip of Figure 2A : PCA score plot of PC1-PC3, in which 217 variables equally accounted for the data sets. Each spectrum is colored by the category of strain. Strains of mulberry: (1) blue circle, Mizukuguri; (2) red triangle, Shigohachi; (3) green square, Chosensensensou; (4) orange star, Akakasuga. The red, blue, green and cyan bars correspond to the contribution of PC1, PC2, PC3 and the residuals, respectively. Yellow highlights show variables that highly contribute to the classification and suggest an independent in loading plot: 0.86, 3.66 and 3.78 ppm. the stem (a: 1-5th, b: 6-10th , c: 11-15th, d: 16-20th, e: 21-25th, f: 25-30th from the tip), respectively, and these 24 samples (4 strains x 6 positions) were then freeze-dried.
Voucher specimens were deposited at the Department of Natural Medicine and Phytochemistry, Meiji Pharmaceutical University, Tokyo, Japan (1: No.07M0001, 2: 07M0002, 3: 07M0003, 4: 07M0004, respectively).
Preparation of mulberry leaf extracts for NMR analysis:
Each of the 24 freeze-dried samples was reduced to powder, added to deuterated methanol (methanol-d 4 for NMR, Wako Pure Ltd.), and then extracted for 10 min at room temperature after sonication for 3 min, respectively. The supernatants of the extracts were filtrated through a syringe filter (EKIKURODISK13CR, Pall Co.), followed by NMR spectroscopy.
NMR spectroscopy:
The 1 H NMR spectra were acquired using a 500 MHz JEOL ECA spectrometer at 25°C. Each spectrum consisted of 0.28638868 Hz, where each spectrum was accumulated by 16 scans with a repetition time of 8.48176 sec, and a relaxation delay of 5 sec per scan. The detection pulse flip angle was set at 45°. A presaturation sequence was used to suppress the methanol signal.
NMR data reduction procedures and pattern recognition analysis:
Each NMR spectrum was segmented into 240 regions of 0.04 ppm width over a range of 0.42 to 10.02 ppm, and each segment of the spectral regions (bucket) was integrated. Any integrated regions from 4.54 to 5.22 ppm that contained a water signal were eliminated from the data table, and then the total data were reduced to 217 regions. The remaining integral values of each spectrum were normalized for 100 of the total summed integrals in order to compensate for any differences in the concentration in each mulberry extract. Spectral processing was performed by ALICE2 for Metobolome version 5.0 software (JEOL), and successive pattern recognition analysis was performed using Sirius version 6.5 software.
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The primary tool applied for pattern recognition analysis was PCA, with visualization of PCA scores from PCA; a 'supervised' pattern recognition model was developed using the SIMCA algorithm. The Cooman's plot is a good way to visualize the SIMCA approach for the two models. SIMCA can generate discrimination power by variables that contribute to classification with the two models. Figure 2B : Cooman's plot by SIMCA approach for the two models (Modeling power: 0.0837 as RSD of Mizukuguri group, 0.0493 as RSD of Shigohachi group). Each spectrum is colored by the category of strain. Strains of mulberry: (1) blue circle, Mizukuguri; (2) red triangle, Shigohachi; (3) green square, Chosensensensou; (4) orange star, Akakasuga.
